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MULTI-LAYER GUIDE WIRE AND METHOD 
OF MANUFACTURE THEREFOR 

Background of the Invention 

5 The present invention relates to intravascular, gastrointestinal, or 

urological guide wires, and methods of manufacture therefor. In particular, the 
present invention relates to multi-layered intravascular guide wires, and methods 
of manufacture therefor. 

Guide wires are used in various procedures in both the coronary regions 

10 and the peripheral regions of the body. Various sizes and lengths of guide wires 
are made to be suitable for various uses and locations in the body. For example, 
guide wires of very small diameters, on the order of 0.010 to 0.018 inches, may be 
suitable for use in narrow coronary vessels. Such guide wires may have an 
extremely floppy distal tip which may be bent or preformed by the physician to 

15 facilitate placement of the guide wire at the desired location. Other guide wires 
have a larger diameter, for example 0.035 inches, and preformed tip. These larger 
diameter guide wires may be especially useful in peripheral or gastrointestinal 
regions of the body. Larger diameter guide wires may be provided with very 
flexible tips or with relatively rigid tips depending upon the particular needs of 

20 the patient and the preferences of the physician. Guide wires come in a range of 
sizes in addition to those discussed above. 

Some of the preferred characteristics in a guide wire include support, the 
ability to provide a track for a balloon or other device to advance over, and good 
torsional transmittance. A discussion of these and other preferred characteristics 
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of guide wires can be found in Endovascular Surgery , by Moore, W.S. and Ahn, 
S.S.; p. 157, W.B. Saunders Co. (1989). Other characteristics that are often 
desirable include flexibility, strength, radiopacity, color, lubricity, etc. 

In many cases, providing a desired combination of guide wire 
5 characteristics can be a significant engineering challenge. In some cases, the 
approach used to enhance one guide wire characteristic may adversely affect 
another. For example, suppose a guide wire includes a plastic jacket around the 
distal tip of a guide wire core for support. The radiopacity of the guide wire tip 
may be enhanced by loading the plastic jacket with a high concentration of a 
1 0 radiopaque agent. However, by providing a high concentration of a radiopaque 
agent, the tensile strength of the plastic jacket is typically reduced. Thus, the 
strength of the distal tip of the guide wire is reduced, and the flexibility may be 
unduly increased. This illustrates the often difficult balance between competing 
characteristics of a typical guide wire design. 

15 

Summary of the Invention 
The present invention provides a multi-layered guide wire that uses 
separate layers to achieve desired guide wire characteristics. Each of the layers 
may enhance one or more desired guide wire characteristics, with the combination 
20 of layers providing the desired combination of guide wire characteristics. Each of 
the layers may be provided over the entire guide wire, or only over selected 
portions of the guide wire. Further, selected layers may be co-extruded over the 
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guide wire, which may reduce the manufacturing costs associated with the multi- 
layer guide wire design. 

In one illustrative embodiment of the present invention, a guide wire is 
provided that includes an elongated core with an outer axial surface. At least two 
5 outer jacket layers are co-extruded over at least a portion of the outer axial surface 
of the elongated core, and preferably over only the distal portion thereof. Each of 
the at least two outer jacket layers preferably have at least one physical property 
that differs from another one of the outer jacket layers. Illustrative physical 
properties include flexibility, radiopacity, strength, color, bonding characteristics, 
10 lubricity, etc. 

In another illustrative embodiment of the present invention, a first and a 
second outer jacket layer are co-extruded over the distal end of the elongated core. 
The first outer jacket layer, which is disposed closest to the elongated core, may 
include a plastic that is loaded with a relatively high concentration of a 
15 radiopaque agent, such as tungsten, tantalum, platinum, gold, etc. This enhances 
the radiographic signature of the distal end of the guide wire. As indicated above, 
however, loading the first outer plastic jacket layer with a relatively high 
concentration of a radiopaque agent typically reduces the tensile strength thereof. 
To compensate for the reduced strength, the second outer jacket layer, which 
20 preferably has little or no radiopaque agent therein, is provided over the first outer 
plastic jacket. The combination of the first and second outer jacket layers 
provides a guide wire that has a highly radiopaque distal tip, and yet retains the 
desired strength characteristic. 
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In another illustrative embodiment, a first and a second outer jacket layer 
are co-extruded over selected portions of the elongated core. The term "selected 
portions" includes the entire elongated core, various sections of the elongated 
core, the distal tip or the core, etc. In this embodiment, the first outer jacket layer, 
5 which is disposed between the elongated core and the second outer jacket layer, is 
formed from a bonding material that is particularly suited for forming a bond 
between the second outer jacket layer and the elongated core. This provides an 
efficient method for bonding a plastic jacket to an elongated core, and in 
particular a metallic elongated core, without having to apply an adhesive or the 

1 0 like to the elongated core by conventional methods such as dipping or spraying. 
It has been found that this may reduce the cost of producing a guide wire that has 
one or more a plastic jacket layers thereon. 

It is contemplated that the bonding layer may be co-extruded with any 
number of layers. For example, a guide wire may be formed by co-extruding a 

15 bonding layer, an inner plastic jacket and an outer plastic jacket over at least a 
portion of an elongated core. The inner plastic jacket may, for example, have a 
first concentration of a radiopaque agent, and the outer plastic jacket may have a 
second concentration of a radiopaque agent. The bonding layer preferably forms 
a bond between the elongated core and the inner plastic jacket. A lubricous layer 

20 may be co-extruding along with the bonding layer, the inner plastic jacket and the 
outer plastic jacket to provide a lubricous outer surface thereto. 

Finally, and in another illustrative embodiment of the present invention, a 
number of outer jacket layers are co-extruded over a mandrel of the like to 
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produce a multi-layer tip assembly having a lumen. In one embodiment, the distal 
end of a guide wire is positioned in the lumen and the tip assembly is heated. By 
selecting the appropriate materials, the multi-layer tip assembly may shrink as a 
result of the heating process, securing the tip to the distal end of the guide wire. In 
5 another embodiment, a bonding adhesive may be used, wherein the bonding 
adhesive may be pressure activated or heat activated. Thus, the tip assembly may 
be secured to the distal tip of the guide wire by simply applying pressure or heat 
as appropriate. 

10 Brief Description of the Drawings 

Figure 1 is a cross-sectional side view of a first embodiment of the 
present invention; 

Figure 2 is a cross-sectional view of the embodiment of Figure 1 taken 
along line 2-2; 

15 Figure 3 is a cross-sectional view of the embodiment of Figure 1 taken 

along line 3-3; 

Figure 4 is a cross-sectional side view of another embodiment of the 
present invention; 

Figure 5 is a cross-sectional view of the embodiment of Figure 4 taken 
20 along line 5-5; 

Figure 6 is a partial cross-sectional side view of a distal portion of yet 
another embodiment of the present invention; and 


WO 99/46109 ' y P<£I7US99/{)5417 y 

Figure 7 is a cross-sectional view of the embodiment of Figure 6 taken 
along line 7-7. 


Detailed Description of the Preferred Embodiments 
5 Referring to Figure 1, there is depicted a first illustrative embodiment of 

the present invention. This embodiment is an intravascular guide wire 10. The 
guide wire 10 is typically about 150-450 centimeters in length and has a typical 
outside diameter of approximately 0.035 inches. Other lengths and diameters 
may be provided so that a range of sizes of guide wires may be available suitable 

10 for the different needs of various individual patients and the preferences of 
physicians. Such other sizes are contemplated to be within the scope of the 
present invention and of this embodiment in particular. 

The guide wire 10 includes a core wire 18 having a proximal end 12 and a 
distal end 14. The core wire may be made of a strong, yet flexible material, such 

15 as a metal like stainless steel, Nitinol, titanium, MP35N, Elgiloy™, or other 
materials, or combinations thereof. The distal end 14 may be shaped to provide a 
J-tip or other desired bend configuration. The J-tip configuration is shown in 
phantom lines 38. 

In a preferred embodiment, the core wire 18 includes a distal portion 20 
20 and a proximal portion 22. The proximal and distal portions are preferably 
formed of a single metallic wire. The distal portion 20 has a smaller cross section 
than the proximal portion 22 to impart greater flexibility to the distal end of the 
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guide wire 10. In a preferred embodiment, the distal portion 20 of the guide wire 
is tapered to impart increasing levels of flexibility to the guide wire toward the 
distal end 14. The tapered distal portion 20 preferably has a length of about 20 
centimeters. 

5 In the illustrative embodiment, the distal portion 20 has a distal tip portion 

30. At least two outer jacket layers 32 and 34 are co-extruded over at least a 
portion of the distal tip portion 30, as shown. Each of the at least two outer jacket 
layers preferably has at least one physical property that differs from another one 
of the outer jacket layers. Illustrative physical properties include flexibility, 

10 radiopacity, strength, color, bonding characteristics, lubricity, etc. 

In one illustrative embodiment, the first' outer jacket layer 32, which is 
disposed closest to the elongated core wire 18, includes a PEBAX material that is 
loaded with a relatively high concentration of a radiopaque agent, such as at least 
about 50 percent by weight of tungsten, tantalum, platinum, or gold, arid 

15 preferably 80 percent. This enhances the radiographic signature of the distal tip 
of the guide wire 10. 

The relatively high concentration of tungsten tends to reduce the tensile 
strength of the plastic jacket 32. To compensate for this reduced strength, it is 
contemplated that the second outer jacket layer 34, which preferably is formed 

20 from PEBAX having little or no radiopaque agent therein, is provided over the 
first plastic jacket 32. In this configuration, the combination of the first outer 
jacket layer 32 and the second outer jacket layer 34 provides a guide wire 10 that 
has a highly radiopaque distal tip, and yet retains the desired strength 
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characteristic. The first and second outer jacket layers preferably extend a few 
millimeters distally of the distal end 14 of core wire 18 to provide a softer, more 
atraumatic distal tip to the guide wire 10. 

The first outer jacket layer 32 may have a wall thickness in the range of 
5 about 0.002 to 0.008 inch, and the second outer jacket layer 34 may have a wall 
thickness in the range of about 0.001 to 0.002 inch. Figure 2 shows a cross- 
section of the first outer jacket layer 32, the second outer jacket layer 34, and the 
core wire 1 8 taken along line 2-2 of Figure 1 . 

In another illustrative embodiment, the first outer jacket layer 32, which is 

10 disposed between the elongated core and the second outer jacket layer 34, is 
formed from a bonding material that is particularly suited for forming a bond 
between the second outer jacket layer 34 and the elongated core wire 18. It is 
contemplated that the bonding layer may be co-extruded with the second outer 
jacket layer 34. This provides an efficient method for bonding a plastic jacket 34 

15 to an elongated core wire 18, and in particular a metallic elongated core, without 
having to apply an adhesive or the like to the elongated core wire 18 by 
conventional means such as dipping or spraying. Preferably, the bonding material 
is Plexar™ available from Quantum Chemical Corporation located in Cincinnati 
Ohio, Bynel™, EVA (Ethylene Vinyl Acetate), Urethane, Malaeic anhydride or a 

20 similar material of a category of extrudable adhesives used in extrusion and, in 
particular, those referred to as tie layers. 
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A Teflon® sleeve 40 may be provided over the core wire 18 proximal to 
the first and second outer jacket layers, as shown. The Teflon® sleeve 40 is 
preferably heat shrunk to the outer surface of the core wire 18 to provide a 
relatively lubricous surface thereto. Figure 3 shows the Teflon® sleeve 40 

5 placed around the proximal portion 22 of core wire 18. 

It is also contemplated that a number of outer jacket layers may be co- 
extruded over a mandrel of the like to produce a multi-layer tip assembly having a 
lumen. In one embodiment, the distal end of a guide wire is positioned in the 
lumen and the tip assembly is heated. By selecting the appropriate materials, the 

10 multi-layer tip assembly may shrink as a result of the heating process, securing 
the tip to the distal end of the guide wire. In another embodiment, a bonding 
adhesive may be used, wherein the bonding adhesive may be pressure activated or 
heat activated. Thus, the tip assembly may be secured to the distal tip of the guide 
wire by simply applying pressure or heat as appropriate. 

15 Figure 4 is a cross-sectional side view of another embodiment of the 

present invention. In this embodiment, a number of outer jacket layers are co- 
extruded over the entire length of a core wire 50. Although the outer jacket layers 
are shown extending the entire length of the core wire 50, it is contemplated that 
the outer jacket layers may be provided only over selected sections of the core 

20 wire 50. 

In the illustrative embodiment, a bonding layer 52 is co-extruded with any 
number of layers including an inner plastic jacket layer 54 and an outer plastic 
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jacket layer 56. As noted above, the inner plastic jacket layer 54 may, for 
example, have a first concentration of a radiopaque agent, and the outer plastic 
jacket layer 56 may have a second concentration of a radiopaque agent. The 
bonding layer may form a bond between the elongated core 50 and the inner 
5 plastic jacket layer 52. The inner and outer plastic jacket layers 54 and 56 are 
preferably formed from similar materials so that a bond is formed therebetween 
during the co-extrusion process. 

It is contemplated a lubricous layer may also be co-extruding with the 
bonding layer, the inner plastic jacket and the outer plastic jacket to provide a 

10 lubricous outer surface thereto. The lubricous layer may be a hydrophilic coating 
such as Union Carbide Polyslip™ PI 06 and T503M, or a coating similar to that 
described in U.S. Patent No, 5,702,754 to Zong. Some thermoplastic urethane 
materials may provide a hydrophilic coating that is extrudable. Alternatively, the 
lubricous layer may be applied by dipping or spraying, as is known in the art. 

1 5 An advantage of using a hydrophilic coating is that the guide wire and/or 

guide wire tip may be used to deliver drugs or the like to the treated vessel. 
Hydrophilic coatings are effective for absorbing liquids, including liquid drugs. 
When the hydrophilic coating absorbed a drug, such as heparin for example, and 
later comes into contact with a vessel wall or the like, some of the absorbed drug 

20 is delivered to the vessel wall. Thus, it is contemplated that the hydrophilic 
coating may be a drug coating. 
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Figure 5 is a cross-sectional view of the embodiment of Figure 4 taken 
along line 5-5 showing a bonding layer 52 that is co-extruded with an inner plastic 
jacket layer 54 and an outer plastic jacket layer 56 over core wire 50. In the 
illustrative embodiment, the bonding layer 52 and the outer plastic jacket layer 56 
5 are thinner than the inner plastic jacket layer 54. When the inner plastic jacket 
layer 54 is loaded with a high concentration of a radiopaque agent, this 
configuration may provide the maximum radiopacity to the distal tip of the guide 
wire, while maintaining the other desired characteristics of the guide wire. 

Figure 6 is a partial cross-sectional side view of a distal portion of yet 
10 another embodiment of the present invention. In this illustrative embodiment, a 
bonding layer 70, an inner plastic jacket layer 72, an outer plastic jacket layer 74 
and a lubricous layer 76 are all co-extruded over a core wire 80. The bonding 
layer 70 preferably forms a bond between the elongated core wire 80 and the 
inner plastic jacket layer 72. The inner and outer plastic jacket layers 72 and 74 
15 are preferably formed from similar materials so that a bond is formed 
therebetween during the co-extrusion process. The lubricous layer may be an 
extrudable hydrophilic coating that bonds to the outer plastic jacket 74. 

Figure 7 is a cross-sectional view of the embodiment of Figure 6 taken 
along line 7-7. In the illustrative embodiment, the bonding layer 70 and the outer 
20 plastic jacket layer 74 are thinner than the inner plastic jacket layer 72. When the 
inner plastic jacket layer 72 is loaded with a relatively high concentration of a 
radiopaque agent, for example, this configuration may provide the maximum 
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radiopacity to the distal tip of the guide wire, while maintaining the other desired 
characteristics of the guide wire. 

It is intended that the foregoing detailed description be regarded as 
illustrated rather than limiting and that it is understood that the following claims 
including all equivalents are intended to define the scope of the invention. 
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What is claimed is: 

1. A method for making a guide wire having an elongated core with 
an outer axial surface, the method comprising the steps of: 

co-extruding at least two outer jacket layers over at least a portion of said 
outer axial surface of said elongated core, wherein one of the outer jacket layers 
has at least one physical property that is different from another one of the outer 
jacket layers. 

2. A method according to claim 1 wherein the at least one physical 
property is selected from the group consisting of radiopacity, strength, color, 
bonding characteristics, and lubricity. 

3. A method according to claim 1 wherein two outer jacket layers are 
co-extruded over at least a portion of said outer axial surface of said elongated 
core. 

4. A method according to claim 3 wherein a first one of the two outer 
jacket layers is disposed closer to the elongated core than a second one of the two 
outer jacket layers, and said first outer jacket layer comprising a plastic with a 
concentration of a radiopaque agent therein, said second outer jacket layer 
comprising a plastic with substantially no radiopaque agent therein. 
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5. A method according to claim 4 wherein the concentration of the 
radiopaque agent in the first outer jacket is at least about 50 percent by weight. 


6. A method according to claim 4 wherein the radiopaque agent is 
selected from the group consisting of tungsten, tantalum, platinum and gold. 

7. A method according to claim 3 wherein a first one of the two outer 
jacket layers is disposed between the elongated core and a second one of the two 
outer jacket layers, said first outer jacket layer comprising a bonding material that 
bonds the second outer jacket layer to the elongated core. 

8. A method according to claim 7 wherein the bond material is 
selected from the group consisting of Plexar™, Bynel™, EVA (Ethylene Vinyl 
Acetate), Urethane, and Malaeic anhydride. 

9. A method according to claim 1 wherein the at least two outer 
jacket layers collectively have a wall thickness, wherein one of the at least two 
outer jacket layers comprises a majority of the wall thickness. 

M 0. A method according to claim 9 wherein the outer jacket layer that 
comprises a majority of the wall thickness includes a radiopaque agent. 
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11. A method according to claim 1 wherein the at least two outer 
jacket layers are co-extruded over only a distal portion of said outer axial surface 
of said elongated core. 

12. A method for forming a guide wire having an elongated core, the 
method comprising the steps of: 

co-extruding a bonding layer and a plastic jacket over at least a portion of 
the elongated core, wherein the bonding layer forms a bond between the 
elongated core and the plastic jacket. 

13. A method according to claim 12 wherein a lubricous layer is co- 
extruding along with the bonding layer, the inner plastic jacket and the outer 
plastic jacket. 

14. A method for forming a guide wire having an elongated core, the 
method comprising the steps of: 

co-extruding a bonding layer, an inner plastic jacket and an outer plastic 
jacket over at least a portion of the elongated core, wherein the inner plastic jacket 
has a first concentration of a radiopaque agent, and said outer plastic jacket has a 
second concentration of a radiopaque agent, wherein the first concentration is 
greater than the second concentration, said bonding layer forming a bond between 
the elongated core and the inner plastic jacket. 
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15. A method according to claim 14 wherein a lubricous layer is co- 
extruding along with the bonding layer, the inner plastic jacket and the outer 
plastic jacket. 

16. A method according to claim 14 wherein the first concentration is 
at least about 50 percent by weight, and the second concentration is substantially 
zero. 

17. A guide wire comprising: 

an elongated core having an outer axial surface; 

at least two jacket layers co-extruded over at least a portion of said outer 
axial surface of said elongated core, wherein one of the jacket layers has at least 
one physical property that is different from another one of the jacket layers. 

18. A method according to claim 17 wherein the at least one physical 
property is selected from the group consisting of radiopacity, strength, color, 
bonding characteristics, and lubricity. 

1 9. A guide wire comprising: 

an elongated core having an outer axial surface; 

an inner plastic jacket extending around a selected portion of said outer 
axial surface of said elongated core, said inner plastic jacket having a first 
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concentration of a radiopaque agent for enhancing the radiopaque properties of 
the inner plastic jacket; 

an outer plastic jacket extending around at least a portion of said inner 
plastic jacket, said outer plastic jacket having a second concentration of a 
radiopaque agent, wherein the second concentration is less than the first 
concentration; and 

said inner plastic jacket and said outer plastic jacket being co-extruded 
over the selected portion of said outer axial surface of said elongated core. 

20. A guide wire according to claim 19 wherein said inner plastic 
jacket is formed from PEBAX, and the radiopaque agent is tungsten. 

21. A guide wire according to claim 20 wherein the first concentration 
is at least about 50 percent by weight. 

22. A guide wire according to claim 21 wherein said outer plastic 
jacket is formed from PEBAX. 

23. A guide wire according to claim 22 wherein the second 
concentration is substantially zero. 


24. A guide wire according to claim 19 further comprising a lubricous 
outer layer extending around at least a portion of said outer plastic jacket, wherein 
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said inner plastic jacket, said outer plastic jacket, and said lubricous outer layer 
are co-extruded over said elongated core. 


25. A guide wire according to claim 19 further comprising: 

a bonding layer interposed between said elongated core and said inner 
plastic jacket for providing a bond therebetween. 

26. A guide wire according to claim 25 wherein said bonding layer and 
said inner plastic jacket are co-extruded over said elongated core. 

27. A guide wire according to claim 26 wherein said bonding layer 
comprises a material selected from the group consisting of Plexar™, Bynel™, 
EVA (Ethylene Vinyl Acetate), Urethane, and Malaeic anhydride. 

28. A guide wire according to claim 27 wherein said elongated core 
comprises a material selected from the group consisting of Nitinol, stainless steel, 
titanium, MP35N, and Elgiloy™. 

29. A guide wire according to claim 27 wherein said elongated core is 
formed from stainless steel. 
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30. A guide wire according to claim 25 wherein said bonding layer, 
said inner plastic jacket, and said outer plastic jacket are co-extruded over said 
elongated core. 


31. A guide wire according to claim 24 further comprising a bonding 
layer interposed between said elongated core and said inner plastic jacket for 
providing a bond therebetween, wherein said bonding layer, said inner plastic 
jacket, said outer plastic jacket, and said lubricous outer layer are co-extruded 
over said elongated core. 

/ 

32. A guide wire according to claim 24 wherein said lubricous outer 
layer comprises a hydrophilic coating. 

33. A guide wire according to claim 32 wherein the hydrophilic 
coating contains a drug, thereby forming a drug coating. 

34. A guide wire according to claim 24 wherein the lubricous outer 
layer comprises a thermoplastic urethane material. 

35. A guide wire according to claim 19 wherein said inner plastic 
jacket extends around only a distal portion of said outer axial surface of said 
elongated core. 
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36. A guide wire according to claim 35 wherein a sleeve extends 
around a proximal portion of said outer axial surface of said elongated core. 


37. A guide wire according to claim 36 wherein the sleeve comprises 
polytetrafluoroethylene (TEFLON). 

38. A method for making a guide wire tip for a core wire having a 
distal end, the method comprising the steps of: 

co-extruding at least two outer jacket layers to form a guide wire tip, the 
guide wire tip having a lumen extending at least partially therethrough, and at 
least one of said at least two outer jacket layers formed from a material that 
shrinks when subject to heat; 

inserting the distal end of the core wire into the lumen of the guide wire 

tip; 

heating the guide wire tip to secure the guide wire tip to the core wire. 

39. A method according to claim 38 wherein one of the outer jacket 
layers has at least one physical property that is different from another one of the 
outer jacket layers. 

40. A method according to claim 39 wherein the at least one physical 
property is selected from the group consisting of radiopacity, strength, color, 
bonding characteristics, heat shrink characteristics, and lubricity. 
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41. A method for making a guide wire tip for a core wire having a 
distal end, the method comprising the steps of: 

co-extruding at least two outer jacket layers to form a guide wire tip, the 
guide wire tip having a lumen extending at least partially therethrough; 

providing a pressure sensitive adhesive between the core wire and the 
guide wire tip; 

inserting the distal end of the core wire into the lumen of the guide wire 

tip; 

applying pressure to the guide wire tip to activate the pressure sensitive 
adhesive to secure the guide wire tip to the core wire. 

42. A method according to claim 41 wherein the pressure sensitive 
adhesive is one of the at least two outer layers. 

43. A method according to claim 41 wherein the pressure sensitive 
adhesive is applied to the distal end of the core wire. 

44. A method according to claim 41 wherein the pressure sensitive 
adhesive is applied to the lumen of the guide wire tip. 

45. A method for making a guide wire tip for a core wire having a 
distal end, the method comprising the steps of: 
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co-extruding at least two outer jacket layers to form a guide wire tip, the 

guide wire tip having a lumen extending at least partially therethrough; 

providing a heat activated adhesive between the core wire and the guide 

wire tip; 

inserting the distal end of the core wire into the lumen of the guide wire 

tip; 

applying heat to the guide wire tip to activate the heat activated adhesive 
to secure the guide wire tip to the core wire. 

46. A method according to claim 45 wherein the heat activated 
adhesive is one of the at least two outer layers. 

47. A method according to claim 45 wherein the heat activated 
adhesive is applied to the distal end of the core wire. 

48. A method according to claim 45 wherein the heat activated 
adhesive is applied to the lumen of the guide wire tip. 
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